Background: DNA repair gene polymorphisms could alter DNA repair capacity and therefore associate with tumor sensitivity to radiochemotherapy. This study assessed excision repair cross-complementing group 1 (ERCC1) C118T and X-ray cross-complementing group 1 (XRCC1) G399A single-nucleotide polymorphisms in esophageal patients for an association with sensitivity to radiation and chemotherapy. Methods: Esophageal squamous cell carcinoma patients (n = 118) who relapsed after surgery were enrolled for assessment of ERCC1 C118T and XRCC1 G399A polymorphisms by direct DNA sequencing. Results: The response rate of treatments was 48.30%: 14 complete response (CR, 11.86%), 43 partial response (PR, 36.44%), 49 stable disease (SD, 41.53%), and 12 progressive disease (PD, 10.17%). ERCC1 C118T was significantly associated with treatment response (C/T vs. C/C + T/T, odds ratio [OR] = 6.035, 95% confidence interval [CI]: 2.114-17.226, P = 0.001) after adjusting for other clinicopathological factors. Patients carrying the C/T genotype had significantly prolonged overall survival (OS) compared with C/C and T/T (median OS 43.00 vs. 27.00, P = 0.027). Multivariate Cox regression showed that a response was only an independent prognostic factor for OS (CR + PR vs. SD+PD, HR = 0.471 95% CI 0.269-0.826, P = 0.009). Grade III and IV adverse events occurred in 12 of 118 patients (10.17%). Only concurrent radiochemotherapy significantly increased these adverse events (OR = 26.529, 95% CI 2.312-304.389, P = 0.008). Conclusion: ERCC1 C118T could be a predictive factor for the response to radiotherapy and chemotherapy, but not a prognostic factor for OS in esophageal cancer patients after surgery.
Introduction
Esophageal cancer (EC) is the eighth most common cancer and sixth leading cause of cancer death in the world. 1 As most EC patients are diagnosed at advanced stages of the disease, they are ineligible for curable surgery and are, thus, difficult to treat. 1 Histologically, more than 90% of ECs are diagnosed as squamous cell carcinoma (SCC) in China and other developing countries, whereas two-thirds of EC diagnoses in western countries are adenocarcinomas. Compared to adenocarcinoma, esophageal SCC is more sensitive to radiation treatment. 2 Injuries to the esophagus induced by radiation and tumor shrinkage after radio-chemical therapy vary between individuals. Thus, the outcomes of adjuvant chemotherapy after radiation for recurrent EC are still disappointing. In this regard, research on novel biomarkers could help predict the curability of individual radiotherapy in cases of recurrent EC.
Current radiotherapy and chemotherapy methods aim to damage tumor cell DNA in order to induce tumor cell apoptosis; growing evidence shows that the DNA repair mechanism is one of the crucial gene pathways potentially involved in individual sensitivity to chemotherapy and radiotherapy. 3, 4 DNA repair gene excision repair cross-complementing group 1 (ERCC1) is part of the nucleotide excision repair (NER) complex involved in the repair of platinum-induced interstrand and intrastrand DNA cross-links, while X-ray cross-complementing group 1 (XRCC1) is involved in the base excision repair (BER) system removing small lesions around damaged DNA bases. 5, 6 Previous studies have shown that altered expression or functional single nucleotide polymorphisms (SNPs) of these two genes can influence the sensitivity of different human cancers to radiation and chemotherapy through aberrant messenger ribonucleic acid (mRNA) expression, mRNA stability or influencing interactions with other repair proteins. [7] [8] [9] Other studies have demonstrated that ERCC1 C118T and XRCC1 G399A polymorphisms were significantly associated with the outcome and survival of lung and colorectal cancer and head and neck SCC patients who were treated with cisplatin-based chemotherapy and radiotherapy. [10] [11] [12] [13] [14] [15] [16] Thus, detection of ERCC1 and XRCC1 SNPs could be important in identifying patients who would benefit from radiotherapy and chemotherapy in clinical practice. Indeed, several studies have reported an association between the polymorphisms of DNA repair genes and sensitivity of cancer patients to neoadjuvant radiochemotherapy in Caucasian populations. [17] [18] [19] [20] However, to date, no study has demonstrated an association between ERCC1 and XRCC1 SNPs with responses to radiochemotherapy in EC patients. We therefore conducted a retrospective study to analyze the association between ERCC1 C118T and XRCC1 Arg399Gln polymorphisms and sensitivity to radiotherapy and chemotherapy in Chinese patients with recurrent EC.
Materials and methods

Study population
In this study we recruited a total of 118 patients with histologically diagnosed recurrent EC relapsed after surgery between January 2002 and December 2013 from the Cancer Center of Daping Hospital, The Third Military Medical University, Chongqing, China. Eligibility criteria included: (i) patients underwent radical esophagectomy of histologically confirmed squamous cell of the esophagus; and (ii) the age range of patients was 18-80, with a performance score from 0 to 2. Patients were considered to have relapsed during follow-up after surgery if any of the following criteria were met: (i) the short-diameter of mediastinal lymph nodes was greater than 1 cm assessed by radiographic scans, or the standardized uptake value was greater than 2.5 evaluated by positron emission tomography-computed tomography (PET-CT); (ii) neoplasms were detected in anastomotic stoma by gastrointestinal endoscopy with positive biopsy; and (iii) lesions in the trachea were observed by fiberoptic bronchoscopy. Out of 118 SCCs, 49 patients received adjuvant chemotherapy immediately after surgery, taxanes plus platinum in 40 cases and fluoropyrimidine plus platinum in nine cases, every three weeks for up to six cycles. Neoadjuvant chemotherapy prior to radiotherapy was delivered to 13 patients that were treated with paclitaxel plus platinum (n = 7) or fluoropyrimidine plus platinum (n = 6) for three weeks for up to three cycles. Forty-four patients were treated with concurrent radiochemotherapy of fluoropyrimidine plus platinum (n = 21) or taxanes plus platinum (n = 17) or irinotecan plus platinum (n = 6). Sixty patients were treated with adjuvant chemotherapy after radiotherapy with a regimen comprising taxanes plus platinum for three weeks for up to three cycles; only one patient received radiation therapy. All patients received radiotherapy through 8MV-X linear accelerator three-dimensional conformal radiation therapy or intensitymodulated radiation therapy according to target tumor lesions. The median radiation dose was 60 Gy (range: 45-66 Gy), dosed at a daily fraction of 1.8 to 2 Gy, five times per week. Blood samples were collected weekly for toxicity evaluation after radio-chemotherapy. One month after completion of radiotherapy, all patients were examined again with CT scans of the neck and chest in order to evaluate treatment response and toxicity. Written informed consent was obtained from each patient for biomarker analysis.
Response evaluation
The tumor response to therapy was evaluated by CT scan before and after completion of radiotherapy dose or adjuvant chemotherapy. Tumor response was defined based on the new Response Evaluation Criteria in Solid Tumors (version 1.1) as complete response (CR), partial response (PR), stable disease (SD) or progressive disease (PD). The objective response rate was defined by a combination of CR and PR.
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DNA extraction and genotyping DNA was extracted from 2 ml peripheral limosis vein blood obtained before treatment using a QIAamp kit (Qiagen, Hilden, Germany). Gene polymorphisms were detected using polymerase chain reactions with the whole genome DNA as a template. The ERCC1 C118T primer sequences were 5′-AGGAGGGCCCTGTGGTTATC-3′ and 5′-AGGCTTCTC ATAGAAC −3′, and XRCC1 G399A primer sequences were 5′-GATCACACCTAACTGGCATCTTC-3′ and 5′-CTGGG ACCACCTGTGTTC-3′. The polymerase chain reaction products were then sequenced with a BigDye Terminator Sequencing kit (Applied Biosystems, Foster City, CA, USA) and ABI 3730XL DNA Analyzer (Applied Biosystems). The third nucleotide of ERCC1 118 codon and the second nucleotide of XRCC1 399 codon were read out. The analyses were performed without any knowledge of the clinical data.
Statistical analysis
The associations between SNP genotypes and different clinicopathological characteristics or tumor response were ana-lyzed using the chi-square or Fisher exact test. The HardyWeinberg equilibrium was also evaluated by Fisher exact probability test. Univariate and multivariate logistic regressions were conducted to evaluate the association of objective response rate or III to IV grade adverse events with variant clinical factors and genotypes. A Kaplan-Meier curve and log-rank test were used to compare the disease-free survival (DFS) and overall survival (OS) in different clinicopathological characteristics and genotypes of ERCC1 C118T and XRCC1 Arg399Gln polymorphisms. Cox proportional hazards models were conducted to evaluate prognostic factors for OS. P < 0.05 was considered statistically significant for the two-sides. All statistical analysis was performed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA).
Results
Baseline patient characteristics
A total of 118 patients with recurrent esophageal SCC were enrolled in this study; the baseline characteristics of these patients are shown in Table 1 . Specifically, among these 118 patients, 63.56% (75/118) had lymph node metastasis. After treatment, the outcomes were 11.86% (14/118) CR, 36.44% (43/118) PR, 41.53% (49/118) SD, and 10.17% (12/118) PD. The total response rate was 48.30%. Grade III and IV adverse events were observed in 12 patients (10.17%) ( Table 1) .
Association between clinical characteristics and polymorphisms of ERCC1 C118T and XRCC1 Arg399Gln
Of the 118 patients, 104 were analyzed for ERCC1 C118T polymorphisms and 73 for XRCC1 G399A, but only 59 patients were genotyped for both gene polymorphisms. There was no significant difference between this cohort of patients and the two subgroups of patients who were subjected to genotyping. Distribution of ERCC1 C118T and XRCC1 G399A genotypes and alleles in patients with EC are listed in Table 2 . The distributions of both ERCC1 and XRCC1 genotypes were found to be in Hardy-Weinberg equilibrium. Table 3 presents the distributions of different clinicopathological characteristics between wild type and variant genotypes. The ERCC1 C118T polymorphism was significantly associated with treatment response (χ 2 = 13.410, P = 0.001). The heterogeneous variant C/T genotype indicated a therapy response in 68.30% (28/41), whereas, the response rate was only 36.54% (19/52) and 18.18% (2/11) in homogeneous C/C and T/T genotypes, respectively. Grade III-IV adverse events were more frequently observed with increasing variant T alleles of ERCC1 C118T. A significantly lower incidence of lymph node metastasis was associated with increasing variant alleles of the XRCC1 Arg399Gln polymorphism (χ 2 = 8.028, P = 0.015). No statistically significant association was observed between ERCC1 C118T or XRCC1 Arg399Gln genotypes and other clinicopathological characteristics.
Association of clinical characteristics and genotypes with tumor response rate
After univariate logistic analysis, patients with heterogeneous ERCC1 118 genotype C/T had a significantly higher response rate compared to those with homogeneous wild genotype Multivariate logistic regression analysis showed that ERCC1 C118T was significantly associated with treatment response (C/T vs. C/C + T/T, OR = 6.035, 95% CI: 2.114-17.226, P = 0.001) after adjusting for other clinicopathological factors. Similarly, patients treated with neoadjuvant chemotherapy also had a significantly higher response rate (OR = 18.100, 95% CI: 2.944-111.284, P = 0.002) (Table 4 ). However, in 73 patients, there was no significant association between the XRCC1 Arg399Gln polymorphism and treatment response in univariate or multivariate analyses. Furthermore, in a subset of 59 patients, after adjusting for other clinicopathological factors and the XRCC1 Arg399Gln polymorphism, ERCC1 C118T was the only predictive factor for response (C/T vs. C/C + T/T, OR = 7.950, 95% CI: 1.769-35.736, P = 0.007).
Association of clinical characteristics and genotypes with disease-free and overall survival
In the whole population of 118 patients, the median DFS and OS was 12.6 (95% CI 10.722-14.478) and 30 months (95% CI 24.609-35.391), respectively. No significant association was observed between the ERCC1 C118T polymorphism and DFS; however, a longer DFS tended to correlate with patients carrying at least one variant allele of XRCC1 Arg399Gln (mDFS: Arg/Arg vs Arg/Gln+Gln/Gln 11.00 vs. 19.00, P = 0.061) (Figs 1, 2) .
Overall survival was related to lymph node metastasis, response, and the ERCC1 C118T polymorphism, although it ERCC1, excision repair cross-complementing group 1; XRCC1, X-ray cross-complementing group 1. was less obvious in the latter. Of the 118 patients, those who achieved CR and PR had longer OS than patients with SD and PD (median OS 39 vs. 20, P < 0.001) (Fig 3) . Suggesting an association of ERCC1 C118T and response, patients carrying the C/T genotype had significantly prolonged OS compared with C/C and T/T (median OS 43 vs. 27, P = 0.027) (Fig 4) . However, multivariate Cox regression showed that response was only a prognostic factor for OS (CR + PR vs. SD+PD HR = 0.471 95% CI 0.269-0.826, P = 0.009).
Association of adverse events with clinicopathological characteristics and genotypes
Grade III and IV adverse events occurred in 12 of the 118 patients (10.17%). Eight patients experienced grade IV adverse events and died during radiotherapy (n = 3) or three months after completing radiotherapy (n = 5) as a result of uncontrolled hemoptysis. Six of these eight patients received a concurrent chemotherapy regimen of docetaxel plus cisplatin (TP). Overall, concurrent radiochemotherapy was associated with a greater incidence of grade III and IV adverse events (OR = 4.500, 95% CI 1.295-15.640, P = 0.018). Patients with ERCC1 T/T experienced significantly more frequent grade III and IV adverse events (OR = 6.857, 95% CI 1.389-33.853, P = 0.018) compared with C/C. However, in multivariable logistic analysis, only concurrent radiochemotherapy remained significantly associated with grade III and IV adverse events, after adjusting for other clinicopathological factors and polymorphisms (OR = 26.529, 95% CI 2.312-304.389, P = 0.008) ( Table 4) . 
Discussion
In this study, we recruited 118 esophageal SCC patients after neoadjuvant, concurrent or adjuvant radiochemotherapy.
The patients had CR (11.86%, 14/118), PR (36.44%, 43/118), SD (41.53%, 49/118), and PD (10.17%, 12/118). The total response rate was 48.30%, and grade III and IV adverse events were only observed in 12 patients (10.17%). Neoadjuvant chemotherapy and ERCC1 C118T SNPs were significantly associated with treatment response; however, there was no association of XRCC1 Arg399Gln genotypes with treatment response. ERCC1 C118T SNP was associated with OS in univariate analysis but not in multivariate Cox regression. Only response and concurrent radiochemotherapy were independent prognostic factors for OS and predictive factors for grade III-IV adverse events, respectively. The data from this study demonstrates that ERCC1 C118T could be a predictive factor for the response to radiotherapy and chemotherapy, but not a prognostic factor for OS in EC patients after surgery.
To date, ERCC1 C118T and C8092A have been extensively studied in different cancers. Several studies have shown that these two SNPs are associated with diverse clinical outcomes after systemic chemotherapy in various types of solid tumors. 12, 14, 22 In the current study, we found that the ERCC1 118 C/T heterozygous variant genotype is associated with a significantly higher response rate to radiation and adjuvant chemotherapy in patients with recurrent EC than that of wild type and homozygous variant genotypes. Our data is consistent with that reported by Warnecke-Eberz et al., showing an association between the ERCC1 118 C/T polymorphism and response to neoadjuvant radiochemotherapy in patients with resected EC. 17 In their study, the histopathological response rate in patients with the C/T genotype was 70%, whereas C/C and T/T genotype carriers only had response rates of 43% and 20%, respectively (P = 0.003). 17 However, while Metzger et al. reported similar data, the OS advantage was not presented. 18 Another study by Leichman et al. suggested that there was no association between ERCC1 C118T and a response to radiotherapy or chemotherapy for preoperative neoadjuvant radiochemotherapy of esophageal adenocarcinoma, but in contrast, the expression of ERCC1 mRNA in tumor tissues was indicated as a prognostic factor. 4 Additionally, Bradburya et al. reported no association between the ERCC1 118 C/T genotype and OS or PFS in locally advanced EC patients after receiving adjuvant chemotherapy. 19 However, in Chinese patients, Wang et al. demonstrated that ERCC1 C8092A SNP was significantly associated with a response to first-line chemotherapy of advanced esophageal carcinoma. 23 These disparate results may be a result of the differences in genetic backgrounds of patients, tumor histopathology or heterogeneity of treatments.
In our study, the sensitivity of the ERCC1 118 CT genotype predicted a response rate of 68.30% in recurrent EC; however, the specificity was 66.67%, indicating that other factors also play a role in treatment response. This data is consistent with previous studies detecting tumor response through a single repair gene polymorphism. 17, 18 On the other hand, there was 
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A previous study demonstrated that the pathology complete response (pCR) was significantly associated with XRCC1 G399A in esophageal adenocarcinoma after neoadjuvant radiochemotherapy. 24 Individuals with variant alleles (GA+AA) had significantly poorer pCR compared to wild-type carriers (OR = 2.75, 95% CI: 1.14-6.12). 24 Another biomarker study, the Eastern Cooperative Oncology Group trial E1201, showed that only 6% of subjects with the variant allele (GA+AA) experienced a pCR compared to 28% of subjects with the GG genotype (OR = 5.37, P = 0.062). 20 Although our study did not show an association between the XRCC1 Arg399Gln polymorphism and treatment response with OS (but an agreement with involved nodes), we did determine that patients carrying Arg/Arg had shorter DFS compared with other genotypes.
Tumor progression is a dynamic process and germ line mutations, or SNPs, are static indicators, which make them ineffective for reflecting dynamic tumor pathogenesis. In tumor tissues, gene expression is controlled by many factors rather than SNPs alone. Moreover, DNA damage repair is a multiple enzyme process. All of these factors contribute to the equivocal association between a single SNP and clinical outcomes. 10, 13 For example, a recent study showed that the ERCC1 C118T polymorphism did not lead to altered cellular ERCC1 protein expression, suggesting that other causative variants or haplotypes linked to ERCC1 C118T might account for this clinical association. 25 As Lambrechts et al. suggested, a single marker for certain treatment is unlikely to exist, rather multiple markers might be needed for accurate response prediction. 26 Our data demonstrated that treatment-related adverse events were tolerable (only 12 Grade III and IV adverse events occurred in 118 patients). However, there was no association between ERCC1 and XRCC1 polymorphisms and toxicity. Multivariate analysis showed that the incidence of grade III and IV esophagitis and pneumonitis in patients who received concurrent radiochemotherapy was significantly higher than those who received radiotherapy alone. This was more obvious in the six cases treated with a TP regimen of concurrent chemotherapy. Grade IV esophagotracheal fistula was accompanied with hemoptysis (n = 4) and radiation pneumonitis (n = 2). This finding could be explained by delayed repair as a result of rapid shrinkage of the tumor lesion. Liew et al. demonstrated that a taxanecontained regimen of concurrent chemotherapy could lead to serious radiation pneumonitis in non-small cell lung cancer patients. 27 This phenomenon suggests that a TP regimen must be used with caution in cases of concurrent radiochemotherapy. Our current study does have some limitations. For example, the patient sample was small and genotyping data was not available for all patients. The treatment was clearly heterogeneous. However, to the best of our knowledge, this is the first study that has explored an association between the ERCC1 C118T polymorphism and treatment outcome in recurrent EC in a Chinese population.
Conclusions
Our results may provide evidence for individualized treatment and predictive factors of short-term efficacy for radiation and chemotherapy in recurrent esophageal SCC patients. It is recommended that future studies investigate the use of combined multiple polymorphism sites in order to create an accurate predictive score system.
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